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Probe for mass spectrometry 



The present invention relates to a probe for the analysis of <wte or more anaJytes, 
particularly proteins or compounds capable of binding or otherwise Interacting 
therewith, by laser dcsoiption/ ionisation mass spectrometry,, more particularly 
MALDI MS; It also relates to a protein mioroarray, a method of producing a protein 



Such a mass spectrometry probe, apon which a mtcroarray has been fabricated, 
enables interrogation of protein - scpali molecule Interaction? w a Jab el -free maimer 
by desorption and kmisation of analytes (e.g. protein, drag or drug candidate, 
carbohydrate, DNA* RNA or other test molecule). The probe and methods are 
particularly usefol in the drug discovery process, for example to hit series 
evaluation* lead optimisation, predictive toxicogenomics and metabolite profiling. 

Analysis of disease processes and drug effects have traditionally foenssed on ' 
genomics, whereas proteomics, the study of the expressed fraction of a genome, offers 
a more direct analysis of proteins and their niter-action. Proteolytics was initially the 
quantitative and qualitative study of whole cell, tissue, organ, or organism protein 
expression or fractions thereof. Often it involves comparing samples of similar 
biological origm exposed to different conditions or comparing diseased and nott- 
diseased tissue* One advantage of protectories over genomics is that it allows 
quantitative identification ami analysis of proteins; by contrast genomics can ordy 
predict the presence of proteins cm the basis ofmRNAs that might be translated into 
protetas, Furthermore, proteomics can identify posttransfational modification of 
proteins and can therefore draw conclusions about the activity of proteins rather than 
merely describing its presence. 

Conventional analytical methods inproteomics are based on ZD-gel electrophoresis 
for protein separation followed, by proteolytic digestion of the proteins and analysis by 
mass spectrometry- Alternatively Edman degradation can be used for protein 
identification after separation. However, both methods sufifer limitations due to their 
bias towards highly expressed proteins and the destaictrre method of separation. 
Therefore proteomic methods which avoid the need for 2D-gel electrophoresis, such 



microarray and a method of analysing a protein microarr&y. 
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as Isotope coded affinity tag (ICAT, Gygi et al. tandem affinity protein 

purification (TAP, Gavin et &1, 2002) and protein niicroamys (McBeath and 
SchreibeTj 2000), are gaining popularity, Furthermore, these new methods have 
broadened the scope of proteotttics from collecting and cataloguing data to a stage 
where relations between molecule* can be assigned; this Is now referred to as 
fractional proteomics. 

Protein microarrays have most commonly taken the form of collections of 
immobilised antibodies that can "be used, far example, to monitor protein expression 
levels in a miniaturised BLISA format (Schweitzer et at 2002), The use of protein 
midoarrays to analyse the function, rather than simply the abundance* of the 
immobilised proteins have received limited attention but recent examples include the 
analysis of substrate specificity within a set of yeast kinases (Zhu et aL 2000) and the 
identification of calmodulin- and phospholipid-binding protein* within a proteome- 
scale collection of yeast proteins (Zhu et aU 200 1 ). 

To date* protein microarraya have been analysed by enhanced dhtemo4uminescence 
(ECI,), fluorescent or radioactive labels or via antibody based detection systems,, but 
not by maw spectrometry. The current methods of analysing protein microarrays are 
(fcetefore restricted by the availability of appropriate labelled tigands* Examples of 
labelled iigands that have been used succeRsfelly include fluorescendy-iabelted 
antibodies and radio- or fluore&cently-I&bened small molecule Uganda- However, for 
drug-lik*? infill molecules, which often have molecular weights of less than 1000 Da, 
neither radio- or fluorescent labels are deairable; radiolabels are disfavoured for health 
md safety reasons, whilst the introduction of a flnorophore into the stnal] molecule 
could significantly perturb she structure activity profile m an unpredictable manner. 
It is therefore clear that a labet-frea method to detect interactions in a microarray 
format would be a major advance tod would greatly broaden the range of applications 
to Sreaa where labelled compounds are aot available of where Inhering would alter 
the properties of the ligaml This would be particularly usefttf in the early stage of 
dfttg discovery, where great numbers of compounds are screened against proteins. 

Amongst the label-free detection methods that are currently available, mass 
spectrometry has the unique advantage cfbeing able to determine not only the 
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presence but also the ideality of a given ligand However* the development of a 
MALDI MS-compatibie protein microarray is complex since existing methods for 
farming protein mictoarrayB do rot transfer readily onto to a. MALDI target There are 
a number of reasons why ihi$ is the case, Inter alia the specialised nature of the probe 
surfaces and the potential for salts present hi reaction buffers to interfere with the 
detection method, la addition, procedures; known in the art for MALDI typically 
require the co-crystallisation of the aqueous analyte with aaidic energy absorbing 
molecules, or *matrix% to promote ionization of the analytea (Kara* and HHlenkamp, 
1988). The method of ccwarystaliising analyte and matrix for MALDI, as known in the 
art, typically results in a heterogeneous crystallisation process and yields discrete, 
spatially separated crystals that each contain Offering amounts of matrix and analyte. 
As a consequence it is often observed that individual crystals contain insufficient 
analyte for analysis by MALDI. This in ton results in a requirement for the analyser 
to sample multiple (ie. 10-100 or more) discrete locations within a given target area m 
Order to obtain a good analyte signal; this is sometime referred to as "the search for 
the sweet spot?' and impose* a significant lower limit on the size of individual target 
areas that can be routinely interrogated by MALDI MS methods known in the art, 

In oxder to generate MALDI MS-compatibie protein xnicroarraya, solutions for the 
aforementioned shortcomings of the prior art are required that enable "both 
miniaturisation of the target areas apd junctional analysis of the arrayed proteins. 



Some examples of the affinity capture of analytes for mass spectrometry analysis 
have been described to date. However these examples relate to d*e use of single 
antibodies, nitriloacetic acid, anion exchangers or cation exchangers immobilised on 
the surface of the MALDI target or the use of bead based affinity capture reagents 
(Hutchew and Yip, 1995, Brocfcman and Orlando 1995, Wang et al 2001). However,, 
all these methods suffer from one or more of the following limitations: 

a) Partial or total loss of biological activity because of amine-based coupling of 
the analyte or the bait onto the probe; 
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b) Low specificity between the a&sUyte and flic surface which can lead to the 
non-specific binding of several aiialytes to the surface (e.g. ion-exchange 
surfaces); 

c) Low affinity of the analyte to the surfece which, can lead to leaching of the 
aaalyte from the surface du ring any wash procedures (e.g. ioa-exchatige and 
nitriloacetic acid surfaces); 

<0 The affinity capture surface lacks non specific protein insistence, which can 
lead to high levels of nonspecific protein binding which would interfere with 
the analysis of a protein mictoairay; 

e) The avaU^bttity of only a limited number of affinity capture proteins- 

Thus existing methods do not enable the immobilisation of large numbers of different, 
purified proteins in the form of a MAUD! MS-compatible microarmy suitable for 
functional analysis of the raicroarrayed proteins. 

Summary of the Invention 

The primary object of this invention is the development ofapn>be for tfie production 
of a protein microarray (as opposed to an array) which can be hitertogated by means 
of laser description/ ioflisation mass spectrometry, particularly matrix assisted laser 
deaoipticm/ ionisatioa (MALDI). 

The invention vkso relates to methods leading to the production of such a probe, a 
protein mictoarray which can be interrogated by means of laser desorption/ ionisatian 
mass spectrometry, particularly matrix assisted laser desorption/ioiusation (MALDI) 
and methods of analysing snch a probe or protein mictoarray. 

Some of the significant advances leading to fee development of such a probe are 
described in Applicant's co pending application WO 01/57198 and am thus not dealt 
with in depth herein. 

However, the development of a MALDI Ms-compatible protein mkroarray is 
complex since existing methods for fbsmdog protein ixucroajrays do not transfer 
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readily onto to a MALDI target There are a number of reasons why this is the case, 
including the specialised nature of the probe surface* and the potential for salts 
present in reaction buffers to interfere with the detection method. 

Ptoceduxes known in the art for MALDI typically require title <a>crystallisation of the 
aqueous analyte with, acidic eaer gy absorbing molecules, or 'marcix', to promote 
ionisation of the analytes (Kara* and Hiitenkamp, 1988). The method of co- 
cxy&aallising analyte and matrix for MALDI, as kao^a in the art, typically results in a 
heterogeneous crystallfeation process and yield* discrete, spatially separated crystals 
that each, contain differing amounts of matrix and analyte. An a consequence ft is 
often observed that individual crystals contain itt sufficient analyte for analysis "by 
MALDI. This in turn results in a requirement forth? analyser to sample multiple (ie* 
10-100 or more) cKsccpto locations wifhm a given target area in order to obtain a good 
analyfce signal; this is sometime referred to as "the search, for the sweet spot? 1 . This haa 
prevented rndniaturi sati on since protein spots need to be large. They are generally in 
the order of at least 0,5mm 2 , 

In order to generate MALDI MS-compatfbl^ protein jnicroarrays, solutions for the 
aforementioned shortcomings of the prior art arc required that enable both 
miniaturisation of the target arras and functional analysis of the arrayed proteins. 



As defined herein a probe is a support which is capable of acting as a target in 
analysis by laser desoiptkm/ionisatfon mass spectrometry, for example matrix assisted 
laser descipticm/ionisation (MALDI). The probe carries the analytea* for example 
proteins, daring suck processes and interacts with the repellet lens of the ion-optic 
assembly found in laser desatptian/joni nation time-of-flight (TOF) mass 
spectrometers of the art, such that the analytes are converted to gaseous ions to permit 
analysis. For example, the probes of die invention may be derived iron) targets for 
MALDI analysis as known (tithe art, which are treated such that a high affinity 
protein binding moiety e.g. streptavidjxt, avidin or neutravidin molecules are present 
on the probe surface which bind biotinylafed proteins for subsequent analysis. For 
example, conventional glass or gold MALDI targets may be used. 
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As defined herein a micro atray is an array where the si ze of the discrete target areas 
i,e Hie individual areas probed by a laser, is in the order of micrometers or less . 
Whilst at the upper end of the scale, aroimd 1000 micrometers diameter,, they may be 
visible to fee naked eye at the lower end of the scale the discrete target areas will not 
be clearly distinguished by the raked eye. 

The arrays wall typically be arranged in matrices comprising several rows and 
columns. The number of discrete target areas will depend upon, what is being screened 
though it generally desirable to have a higfc density of these discrete areas on the . 
probe surface as this will facilitate high through put screening. Typically a probe will 
comprise at least 10, more preferably at least \ 00, raore preferably at least 1000 and 
as many as 10,000 or more target areas produced thereon. (Typically a. probe surface 
will have an area o f around 1 G»000mm 2 - a Bruker probe haa an area of 1 0292mm* 
although there fe no requirement to use the whole of the probe and the microarray can 
be applied in one or more matrices thereon,) The actual density in a given matrices 
will depend upon the sis© of the discrete target area {which will typically be primed as 
a spot) and the spacing beiweea adjacent apqtj. Tims the discrete target areas will 
typically be present at s density of greater than 1 discrete target areas per mm 2 within 
any matrices. 

An analyte capture moiety is the moiety which captures the component which is being 
screened- Preferably, though not essentially tho capturing element is a protein 
although it is possible to have an, array in which* for example; small molecules are 
bound to the surface and tints to screen for proteins. 

The term proteins as used herein is wed to include both whole proteins and sub units 
or domains thereof. 

Fusion protein as used herein ia used to refer to a protein, which has a tag, for 
example, a biotmylation consensus sequence or phleomycin/zeocin resistance 
binding protein attached thereto. 
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Linker molecules are molecules which function as their name suggests. They are 
molecules comprising functional groups which allow bridges to be formed between 
different molecules. 

According to a first aspect of the invention there Is provided & probe, for use with a 
laser dssorption/ ionization mass electrometer, compri&Jng a support having an 
eledioconductive target surfece thereon characterized m ttett the target surface 
comprises a micro array having a plurality of discrete target areas presenting one or 
more analyte capture moieties. 

The development of such a probe wfl.1 enabLe high through pirt screens to be 
conducted and a plurality of protein interactions to be studied. 

Another significant development enabling the "miniaiuriseticm^ of a protein army 
formed cm a MALDI target derives from the application of the Applicant's COVET 
technology described in WO Gl/5719*. Briefly* using tbis technology tiiey are able to 
create from c£>NA libraries expressedproteins, which carry a "sequence tag" that can 
be wed to capture the proteins with a high affinity and in a specific orientation on the 
nricroazray surface. This firstly enables proteins e.g. a protein Isbrary to be stably 
immobilized such that le^chteg of protein from die surface is avoided and secondly 
the oriented immobilisation of the fission protein onto the surface ensure maximum 
biological activity. 

Yet another significant aspect of the invention, vfhen compared to current protein 
mwnxarrays, is the provision of such a probe with an electro conductive surface. This 
surface which includes semi conductive surfaces is essential where the ptobe is to be 
subjected to MALt>l MS analysis. Whilst the support could be made wholly of an 
electro conductive material (which term is -used herein to include serai conducive 
materials) it is preferred to coat a rigid support, e.g. a glass, with an electro 
conductive material soch as, for example, gold although any suitable rr-etal r for 
example, silver* platinum, Iridium, wolfram* copper, cobalt* nickel, and iron or 
mixtures thereof, or a semiconductor e.g. silicon oxide, graphite or germanium oxide 
could be used. 
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Where the probe or protein microarrayis produced oa e.g. a standard size microscope 
glass slide it can be mounted in an adapter, which carries if. Into a moss spectrometer . 
Such an adaptor is described in Applicant's co pending UK application no. 
0216387.1. 

A further significant development, and one which maybe viewed independently of 
the specific applications described herein, has been .in the way tfie Applicant has 
overcome the problems caused by non specific protein binding. The Applicant has 
overcame this particular problem by providing a layer resistant to non specific protein 
binding onto the probe surface. More particularly, the microarray surface is modified 
by the inclusion of a layer of molecules which repel proteins. These protein tepeHant 
molecules which include, for example, polyethyleneglycol may be bound to the probe 
stirfece via a linker, such as, for exampl e, a poly amino acid which readily binds to 
e.g. a #ass or gold surfoce and whose amino or carboxy! side groups can be used to 
bind fee protein repellant molecules such that they reach out ftarn the probe surface. 
The skilled man will appreciate that other fimctionaltzed molecules could be used. 
Preferably the analyte bidding moieties are incorporated in a position where they 
extend out from the svrfece* Preferred protein binding moieties include e,g, biotin, 
biotin-neutravidin, and bleomycin, and these and other moieties cast, be incorporated 
into the layer either via these functional groups on the linker molecules and/ or via 
functional groups on the protein repellant molecules. Typically the affinity capture 
moieties are incorporated in small proportions (typically less than 20%) relative to the 
protein repellant molecule?. 

In fins way the Applicant has been able to introduce tide protein capture moieties not 
only in a homogeneous, spatial defined arrangement but also in a manner which 
enables high affinity binding in a specific manner- The resulting surface combines 
selectivity for flic capture of biological macromolecutes on tbejorobe with reduced 
non specific binding of the type commonly observed <m underivatised glass or metal 
surfaces and additionally results in a homogeneous distribution and orientation of the 
captured biological macromoiecules. 

The component molecules responsible for repelling non specific proteins include 
molecules which are generally hydropbilic in nature. They include polymers, such as, 
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for example, polyethylene glycol, dextrsn; polyorethane and polyacryianaids and self 
assembled monolayers (SAM). Preferably the polymers comprise one or mora 
functional side groups via which the protein capturing moietica can be attached, In the 
case of polyethylene glycol the functional group is a hydroxy! group. The molecules 
responsible for repelling non specific proteins may be bound directly to the surface as 
in, for exatople the case of SAM'S or they may be attached via a Hnker. Particularly 
preferred as linkers are poly ammo acids such as f ibr example, poly L lysine, poly L 
aspartic acid, poly L glutamic acid or mixtures thereof. These have amino or carboxy 
side chains via which ihe molecules responsible for repetting n<m specific proteins 
can be attached ami which can additionally be used to attach the protein capturing 
moieties. Alternatively, or iu addition the protein capturing moieties can be attached 
via the component molecules responsible for repelling non specific proteins. Fig 7 
illustrates the binding of such molecules and contrasts the deffaed orientation which 
can be achieved by this ordered coupling compared to that achieved using current 
antibody binding techniques which result in xmSom coupling. 

la a preferred embodiment the probe has as it's protein capture moieties either a biotin 
binder e.g. ueutravidin, avidin or streptavidtn or ft bleomycin resistant protein binder 
e.g. bleomycin. Tito proteins are bound to the probe to create a protein microattay by 
printing a plurality of bacterial, yeast, s© or mammalian, cell lysates containing fusion 
proteins in which a high affinity tag e.g. biotin or zeocin resistant protein (ZRF) is 
expressed onto the capture surface. Proteins are derived from the expression of a 
cDNA library and each individual clone is tagged at the C-tenxrinus and/ or on the N- 
terminus with a consensus sequence, which will enable high affinity recognition of 
the protein even in the presence of the otherwise protein repellent molecules. Only the 
recombinant, tagged protein can recognise the capture surface tmd other proteins from 
the lyeate era. be washed away as they do not bind to the protein repellent surface and 
do not have a hjgjbt affinity to the protein binding moieties present in the layer. 

Another aspect of the invention is the study of the fWJ protein complement, or a 
significant fiaction thereof; of given cell or tissue type using a probe or protein 
microarray according to the invention. 
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According to a further aspect of the present invention there is provided a method of 
producing a protein ttrieroarray for use with laser desotption ionisation mass 
spectrometer comprising providing a pro^e of the invention and depositing protein 
in registration with the protein capturing Wetfes in the discrete target area. 

i 

According to a further aspect the invention utilizes the probes and protein 

microarrays to analyse and screed, various reactions 

» 

One method of analysis by laser detoiptidu/ionisatioo mass ^ecttometry comprises 
the steps of; ; 

a) providing a probe of the indention; 

b) bringing said probe into contact with cos or mine proteins; and 

c) performing laser desorption/ ionisation masw spectrometry on flic 
proteins on the surface of the probe, 

hi one embodiment the method comprises, between step b) and c), an additional step 

of removing unbound molecules from theiprobe by washing. 

I 

i 

In another embodiment the one or more ptoteins are contained in a mixture of 
proteins. 

hi yet a further embodiment, which is a method for identifying a protein on the 
surface of the probe, the method comprised the additional stops of: 

d) determining the mass of thd protefn molecule; 

e) performing a digestion np4a. a replicate sample of Raid protein on a 
further probe or probe surface; and; | 

i) performing laser desorption/ iotrisatiou mass spectrometry on the peptides 

resulting from step e) to identify sajd proteinfs). 

i 

In another embodiment there is a method fjor analysing the function of a protein cm 
the surface of ttue probe and a molecule mteraoting with said ptwtein and which 
comprises the alternative ted additional steps of: 

o) bringing a protein on flic probe surface Into contact with one or more 

test molecules; • 
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d) removmg unbound test molecules from the probe surface; 

e) performing laser desorptfcm/ ionteatiOn mass spectrometry on the 
protein and any molecule that had bean specifically retained on the probe 
surface through interaction with the protein, to determine the identity of the 
protein and/or test molecule. i 

The test molecule may be a small molecule, protein, or a nucleic acid e.g. DNA or 
RNA. , 1 

i 

*. 

kk a. fiwther embodiment there is a method for analysing the function of a protein on 
the surface of the probe and a molecule interacting #ith said protein and which 
comprises the alternative and/oT additional steps of: 

c> bringing a protein on the pfcobe surface into contact with ooe or more 

test substrates; and 

i 

d) performing laser desoiptiim/ ionisarion mass spectrometry on the 
protein aaxd test substrates to determine the presence and/or identity of 
products cf catalysis of said test substrates by the protsin. 

in one embodiment a ©DNA library ^Mchjhas been cloned to express a high affinity 
tag is expressed and after expression, of each clone, this tagged library proteins are 
captured by the protein affinity moieties %&d dried onto the ndcroarray, overlaid with 
a proteolytic agent of biological or chemical origin* cleaved into fragments, overlaid 
with energy absorbing matrix molecules pibparod in a nonaqueous solvent that is 
spiked with and anli evaporative sgsote srayh as glycol. The energy absorbing 
molecules are applied to the protein microaaray in a new formulation at volumes of 

e.g. a few nanoliters to form a continuous ikyer of microcrystals. 

j 

This use of energy absorbing molecules in this way is yet another and independent 
aspect of the invention 

According to a further aspect of the present invention there is provided a method of 
analysing a probe of the invention in wiriest energy absorbing molecules are 
deposited in a manner which denatures an<j thus unbinds a protein from a protein 
capturing moieties leaving the denatured protein lying unbound on the surface. 
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The energy absorbing molecules foijra a l|bmoge9ious layer of crystals in a discrete 
locations in registration with the protein d&ptaring moieties and captured protein. 



The homogenous layer of crystals id substantially continuous such that individual 
crystals ore not visible at a 100 foldlmagijpcation add there are no visible gaps. It 



also has a substantially uniform depth, 
crystal size at a 100 fold magnification. 



i that There is no apparent variation in 




The energy absorbing molecules aref deported onto the surfece in a mm aqueous 
solvent m& the Hon aqueous solven^ is ev*$>otated off. preferably the non aqueous 
solvent is an organic solvent, such a 3, for Jxamplfi> acetone or butanone. 
Preferably the non aqueous solvent Includi la a modifier which, controls the rate of 
evaporation anch that ciystaliisationlof tfaJenergy absorbing molecules occurs on 



the probe. S*ritablei modifies include glycerol, polyethylenegjyqol and thioglyceroL 
Preferably the energy absorbing moieculejare deposited in a mixture of ftoxn SO - 
99.9% t preferably 99% orgaaio sotv^ftt e. tt acetone io 20 - Ga%> prefbrably 1% of 
modifier e.g. glycerol (vol/vol) Typical sfergy abackhingrnotecnles include 
crystals of cc-cyjm>-4-tor^^ fijjjid, sinapitrfc acid, gentifric acid* nifidine* 

succinic acid, l,8J?,-mthraceiu^ acid, 2-(hydroxyphenylazo) 



benzoe^aciii, 4-»it*oamlin and conr 



foinafioiL 

if 

i 



thereof.- 



Preferably the energy absorbing moljscnle^aie deposited 4n regi'sfretioft with the 
protein aiad each protein spot is cveciaid Wpn a similar sized spot of fee energy 
abaotbing molecules, i f 



A farther afiplication of the protein rriicroargay is the parallel analysis ofprotein- 

! jfj 

protein* protein-nncleotide and ptweik smajK molecule interaction by mass 
spectrometry. 



Yet another aspect of the invention isita 



compound libraries on the probe to detect 
proteins that are derived from a protsoms* 
label such as a radiolabel or a fluorescent 




.ess to screen small molecule ■ 
ding pf drug-like small molecules to 

the small aioteeules do not carry a 
eL 



it 
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Inotdcr to achieve a high, density of injkivi [rial samples on the microanray the < 

absorbing molecules need to be ak4g£d it jniiarocTystals on the surface. The matrix 

fbnns a homogenous layer of flafccrjstjds \ kjhout significant gaps between mem and 

can be deposited in very small quantities cs i the microarray, 

' i ' '■ 
\ i : 

In contrast to the prior art in which tnitrbc pd analyte aio co erystalised in an 
aqueous .solvent, the Applicant uses <wj> thi Stfjoct steps,; in which first die protein is 
deposited in an aqueous solvent and thin ti ^energy absorbing molecules are 
deposited such that «teycrystafflse<|tt| froihjthenonaqpec^ 
'Ihis has the advantage that the ptotejnjis 4 pjosited btita biological form. However, 
using a non aqueous solvent to d^iv^r jibe fehergy absorbing molecules allows the 
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, This has two benefits. First the 
means it jfo |aot necessary to search for a sweet spot 
as the homogenous layer guarantees ^r^^jij.ifee : plieisence of-snergy absorbing 

nieasurertient doe to the even 

.13.. : 

nature of the layer. ' 




lecular weight of small molecule ions, 



Another aspect of the invention is the| au 
to proteins present on the microatrayj ifhe ] 
which are stored in a database canbe|c9mp|rbd with tjie measured molecular weight 
of a compound library and therefore ihe relj^onship bietween the small molecule and 
protein in the array can be assigned ! 



r 



4401707390770 SUE GENTLE 



259 P17 



The various aspects of the invention 



with reference to the following figntjesj. 
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be described, byway of example only, 
gkamph» in vMchz 



Fig la show six acreenafaote taken fiittji a fijrj&er Autoflex mass spectrometer 
ftefccontrol tool comparing the crystal jWJofe af bno bpect of (he invention with that 




obtained practicing the method of fix! 
different matrices prepared m too 
OntholeftaidaCtoptobottoai)^ j j* 

i) ot-cymCH4-hyckoxy™cinnaxtili acid;! 

s i 

ii) sinaplnic acid; and : • 
ni) geatisic acid. j « If | 

All baye been prepared in 99% acctcini, 1^1 glycerol (v/v) . 
On the right hand side (top to bottom) are tiU aame matrices 

i { ■ 

iv) (X^ano-4-hydraxy-cinnxwa i<[ acids 

v) sinapinic acid; and ; \ \ 
yf) gentisic acid. 



The six scrcenshots show three 
ys. 



i » 



i- 

prepared in aqueous solvents as per &c prior art 

I; • • 

Fig ib shows a photcrtnicrograph of ^-cyai|^ acid crystals. 

The matrix was dissolved in 99% ac^tcjhe vhf, 1 % #yarfpl and aira yed onto a gold 
coated glass slide vrfth an affinity cajtijre ifojfece. The printing density fe 562 
micrometers from spot center to spot|c$ni 



Fig 2a shows a mass spectrum acqitided 



a proteui microarray demonstrating the 
capture of 1500 feartograra insulm^idtfo iffri a affinity capture siirface. There are 

I il ! 

degree of biotinyiationv Up to 3 
'the range of 6000 dalton, Two additional 



three inaulifrbiotin peaks visible duejtcj: < 
biotia molecules were observed on b&dHn ] 
peaks are obsemd at 7300 dalton and jUe&pdatoon and are assigned as Neutravidin 
[MHT* and [MH]*\ ! j- j| j 

Fig 2b shows a mass spectrum acquir ^ frqm'a protein mlctoarray demonstrating the 



capture of 15 femtogram insidm4>io1iiffon& Affinity capture sarface. Two insulhx- 

! \ :k ! 
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bictin peaks are visible in the area o^fijwO 1 
at 7300 dgjtxra and 14600 dalton and}; 
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#too.'T#o additional peaks are observed 
as Neutravidin [MH]* and [MH]^ 



Fig 3a shows the detection of C^to^ifrin J \$ mass s fie stix un euy on a PBG-PLL- 
Biotin Neufcwidin affinity capture e^|^eL|CyolospoHri is detected at 1205 dalton and 
Neutravidin [MH] + and [MHJ^ peaJ^ jratttt at 7*J1 0 and 14652 dalton. 



Fig 3b shows ihe detection of Ketooqb^zttl| iy maaa ^ebtrcntietey on a FS0-PLL- 
Biotta N6ufctavidin svrftce, Ketococ^zole is detected at 534 dalton and Neutravidin 
[MKf and [MH^peaks are at present at and 14501 dalton! 



.i 1 1 ♦ 

Fig 3c shews the detection of Quinidihb btfjtoass spectrometry on a PEG-PLL-Biotin 
Neutravidin surface. Quinidme is detected i 1*327 dalton and Nentravidin [MOB]* a*)d 
[MHf* is present at 7310 and 14652td^ltoc| ; 



Fig 4a shows the detection of ADP ajidh Al 
.from the reaction of ADP, creatine pKo^phi 



] ATP w^s enzymatically synthesized 
and creatine phosphate kinase in 25 xnM 
'as detected at 427.6 dalton and [ADP+Na 



diphosphate kinase reaction were detected 



ammonium bicarbonate at pH 7,4. [ 
J* 449.6 daltoa. The products of the 

at S07.6, 529 .6 f 551.6 and 573,8, wbqcfi fiti|weD with £10 expected molecular weight 
of [ATP]' and fh*ee ATP sodium tfdfidib [$TP Na]' J[ATP Na 3 J" and [ATP Nas]~, 



Control reactions in which either onei of ftdfakbsirateg ADP or creatine phosphate or 
the enzyme creatine phosphate kinas^as i putted didn't show ATP peaks. 

Pig 4b shows a MALDT mass aj>ecm^<feti fcttrtg limfcan cytpcSiiWe p450 oxidation 
products of dibenzyifhiorescine (DBjFj| lAit was oxidized by cytochrome P450 and 
a metastabile oxidation product was tjeiecte p kt 530 dalton. Further molecular ions of 
oxidized dibenaylfluorracine were d^ebt at M?7 and 461 dalton presenting two 



mcmobenyzlftuorescine derivatives. 



'l ! 

A 



Fig 5 shows ttio capture of a Hotinyfc$tad 72|ftda polypeptide on a PEG-PLL-Biotin 
Neutravidin coated gold target. The pjrolteinisi^s expressed in 200' microliter 
Escherichia coti caltute, 1he bacteria |iv$re tmti with lysozymc and Dnase treated, 
The resulting bacterial lys#e was spcjbk o^to a affinity oaptsire surface and incubated 
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for 4 hours. The probe was then wasrap wM 1 mM Tris-HCL pH 7.5 0.1% Triton 
followed "by two washes with 1 mM fe-BP pH 7.5 for- desalting and removal of 
detergent. The probe target was then^edsfbidef fltaogen and overlaid with 

t0:8*jd dissolved in acetone). The n>a$$ 
the delaybd extraction technique at low 
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absorbing matrix: (oc-oyano-4-hy 
spectrum was acquired in linear modj 
laser power. 



Pig 6 shows identification of geaeft 
GiutatMouiS-S-Tran&ferafifl BCCP fosjij 

was 

probe by the use of affinity capture 
digested on the probe overlaid with 
analysed by a MALD1 TOP mass spd 
used for a protein Sng^rio.t am 
Giuta^ion^S*Tmts&m$d from 




eered Schistosoma mansoni 
n that was expressed in Escherichia 
from a crude baotusrial lysate on the 
The cajjtuj^d amilyt© was washed and 
sorting matrix dissolved in aceto.tte and 

The *e$ultin£ peptide masses were 
fbsioti protein was identified as 
horn ujaponicum. 



Fig 7 shows random and orientated ailing of jteotehw cm a probe for example a 

MALDI target* mtcrotiter plate or a m jjpe gt&ss slide. 

» • 

i : 
• i 




Figure S.The binding of poly-l>l^in4Moly!»&yleng1yieoj biottn polymer (PEG-fLJ^ 
biotto) to a biosensor is shown, Sub^d&eni y» neutravidin and a protefex ly&ate from & 



colt corrtaraing biotin tagged Glutathi 
the surface followed by a washing 



(GST^BCCP) was added to 

I- : 



Figure 9a and 9b Mass spectra of dii 
Immobilised iedma^a) Biotinyiated 
biotin-neutravidin surfee© for the cap 
[2M+H]* molecular ions of the lectin \ 
the fM+HT^molecuIar {or. of i>eutravi^|a; 
accowitiog for the molecular ions of &%gl: 
42731 daiton, (b) Biotrayiated wlieat 
biotm-neutravidiii surface and vsed 





a of the glycoprotein Fetuin on 
in was immobilised on a PEG-PLL- 
ie glycoprotein Fetuin, The JM-KH]*, 

ed at 25774 and 51461 daiton and 
bb$etve<jE at 14500 daiton. Peaks 

tern were observed at 401 36 and 
gltttitifn was immobilised on PEG-rLL- 
ifio capture of the glycoprotein Fetuin, 



4401707390770 SUE GENTLE 



I 

ft 



259 P20 



25.10.02 20:15 
17 



The (M+HJ + , PM+Hfirafccu^ at 17709 aad 

35584 daltons and [M+H] + , [2M+H]j|^ok bjalar ioss of neutosvidia were observed at 
1 4300 and 28600 daftcm. The [M+Hjl \xkdh pilot ion 6f the glycoprotain Fetuftv wae 



observed at 44163 d$lto& tod two ] 
[ represent most ] 



i at S5943 aod 3215S daltoos were specific for 



ply fireakdowi products, 

>■ ; 

i; * 



Fig 1 Oa Figure 5 shows the binding kffc bmdlitg tff a Rhodamiiie-lactose 
derivative to the lectin from AracfaiBifco^bi t (a) A PEG-PIX-Nfiutravidin Aiaehis 
hypogea sarfece was overlaid with tj^t ljdtase-^^ conjugate aad washed 
three times with 1 mM Tris-HCL pHr f fc5 atpovedfiiid wilfa a solution, of energy 
absorbing a-K^ranohydxoxyetoaxTOO die^ilved in acetone. The following MAUD! 
MS analysis shows a molecular ion *jj83Q.|2 d^ltODi which fits with [MH] + of lactose- 
rhodaxnine. •llr' 6 j 



Fig 1 Oh Shoes the MALDJ MS analj 
the experiment, Hie lactose-xt 
sodium adduct molectdar ion at 834 < 



i lactoise^xhodamine conjugate as uaed to 
• ian ! is detected a$ weli as the 



the imnioWlised FK506 bindfag protein, 
conjugate and washed three times with 



Fig tOo A PEGwpLL aeutfavidin 
was overlaid with* 1 mM Ii 

1 jwM Tteis-HC! f>H pH 7,5 and over! m wi|i 5 encrgy absorbing matrix Molecules 
dissolved in acetone. The MALM Mi| bnaljjj^s shows' no molecular ions of lactose 
thodamine. 



Tabic 1 shows the molecular weights 



i?!. 



idea which coold be assigned to three 



protein by protein fingerprint analyst 1 j&f a Ir^utathiono-S-traiisfeTase digest The 
molecular weights of the peptides w« r|Kiae| |o seax&h' NCB1 nr database using the 
MASCOT search engine with a jna^^'lccwley of 50 ppm. The matched proteins are 



I 



Detailed description 



v. . 

I: 
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3 . Preparation of a probe accordfayifo ojg & t he Invention. 

; | i; ■:■ 

U Cleaning of gold coated glass si M .fa^M^Utit probe, 

i if I 1 1 ; 

A probe comprising a gold coated nabpseo|)fe glass; slide or a MALDI probe was 
thoroughly cleaned before usejwith gjj|jien|a1 washing steps in acetone* acetotthxile, 
double distilled water and dried imdeji|tatix| 

lit. *i 

tJl Non tirotela binding laver ineoffij>ra*jrii» profon hindinp moieties prepared 
and deposited 

j ! 

iai peg-mx gaiafla agaaajt 

J 
I 

PEG-PLL-Biotin: 

j 

100 mg poly-L-tysine averagers 17* 
109 mg mPEG*SPA (Shearwater 
Wcrtttl PEG-CO-NHS in IQOiriM 
The reaction was terminated by dialyk 
pr oduct from this reaction wasi caQedj 



M 




{ (Sigma,' Dorset, UK) was reacted with 

HuptsviUe, Alabama) aod 1 . 1 mg 
luf&r pU|9 for a period of 30 minutes. 
ipSA Tris+HCl pH 7.5 over night The 
,G4*LU£iiotan (1% PEG derivatives 



contain a biotin headgroup) andseveijijf om|rj small b'gand ratios were syttfoesiaed 
(1%, 2%, 10% and 20%). 

PEG-PLL-Bleoraycin: 

10 mg of bleomycin B6 (Calbipohem 
EDC and NHS each was added- The 

.9 

3 Jn another reaction 99 mg pc&y-L»l; 
NHS and 100 mg tnPEG^XWpHS to 

After 20 nun both reactions w4*e misejd anct! tjhe pH : was adj listed to pH 9 when 

necessary. The PEG-FLL-BLecjmyciQifi fjn&f^s was Cleaned up by a dialysis against a 

plentiful amount of 1 mM Tri^HCl pi j|7.5 ©vrffer over night The product of this 

synthesis was called 10% PEG^PIJL^Blkra^in indicating that approximately 1 0% of 

i Is;. g i i : 
the PEG side chains are substituted vqfih Blfdmycm. 

iff 



ivdd in 1 ml acetone and 7.5 mg 
of tojte reaction was adjusted with HC1 at pH 
reacfed with 1 1 mg nVS-PEQ-CO- 
f)0 tMt carbonate buffer pH 9. 
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The PEG-PLL-Bleocayrin B6 tnrtfacd 



Freshly prepared affinity capture poljfcr; |sr example, J% PEO-PLL-Biotin or t% 
PEG-PIX-Bleomycin B6 was depo3ijJii on^)!the probe. The surface was then covered 

''''' : t captuiie moeity over fee probe. After 
30 m in the probe was washed in 1 xh^l Sbcilfekci-iH t.5 and dried under nitrogen. 

1 lb |j • 




lyforude. 



L3 Alterative nrotein enntire mJty sLed if required 

• $ ; 

The PLL-PBQ-biotin has a ns^vld^^o^cW&honnd to the biotin by adding 0.5 
tn gfad neutravidin for «i= hour at RT^ a fcni4 chamber. The Piobe was then rinsed 
Wife washing bufifer, and waahjed twiJjmtH ample desalting buffer before it was 
dried under nitrogen. The surface . wa4 ||cw^sMy to be used as a highly specific 
affinity capture of macroraolecades c^||dn^an appropriate affinity tag, e.g. Biotin or 
pMeomycin/zecrctoresft^eb^ . • ; 

2. Preparation of a Dro_^i ^ eif M «kiiv ajfartfW to one aspect of the ipventfon, 



! 



i ' 
i 

Purified mRNA from, heart, livpr or 
known techniques. The 3' end! of the 
stranded exonuctease which digests ot 

t i 

through manipulation of paraideters 
The remaining single stranded ^gfoft[< 
nuclease such as mung bean, niicleasej 

double stranded cDNA is then 'fUge 

i 

has a rite at tfcp 5 9 end of foe cDN A, 
faulting cDNA fiagment i& tfctpl !i, 



i 



•Nil is made abeesaible to a 3' to 5* single- 

of the E>NA. The reaction is controlled 
ie, temperature and salt concentration* 
is removed by a single-stcanded 



.sues are transcribed into rt>N A using 



k lefifris a blunt ;enii The resulting truncated 
.fewffi|4 ra?e-ouiiding restriction enzyme which 

il^dib^cDNA synthesis. The 
fool^lbNA tag. which encodes a marker of 
the oDNA fragment into a vector 



solubility. IntMscase 3 1hi8i8achiev^|jby' 

which provides a tag3> to the cDNA ppftm^ Transcription initiates npsjtreem of 
the cloned cDNA and proceeds flmiMDNA ahd downstroam tag. When lighted 



in-frame and in the absence of stop e<|4^ j&e raniftrtg translation product consists 
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of a polypeptide sequence derived frd#tb$ eloned cDNA, fiiaed to a tag whioh 
reports solubility of the ^iQtt!j^eia|?Thfe technique is applicable to both single 
cDNAandootte<^iop$. j 



The version of the vector dewsdbed bfcP cOTitrt"* tag *bfch encodes the seocin 
bitidtogprotein (ZBP), fused to Biot^M £tarijar Protein (BCCP) and the myc 
tag. TheAppHcanihasdemo^^ 

of the ZBP to confer resistance to Zeilin, ^dependant on the solubility of the fusion 
protein. Li addition, immediately upi|||ari|i>if iKe'.otoned oDNA, a small tag such as 
FLAG is encoded. The resulting exp£|si^ jfiteion protein contains tags at the N- and 
C-tentlfali for quality control purpoBe|»| i)l?wn tuelresuUnig modified cDNA library is 
transformed into E- caU and selected p|h«#a Zeorinjor an analogue or is probed for 
Wotinylation of BCCfr, positive clondj ^piiig soiable fiision protein are 
identified 1 

in one experiment, human liver cDN jjjjraa |f ubjected to tins methodology and tfce 
resulting library expressed in A colt. : |^mi|^imaely 5,000 clones expressing soluble 
■fusion proteins wereclonallyiMateditad^ Tb* 
cells were lyssd and fte fesuldug soliaMe, ^crftoJJated proteins captured and purified 
on a streptavidln-coated ainrfiade in a ^lej^tfep. : A protein xmcroairay consisting of 
several thousand members wa4 pTOdui^d> tMecting the eypres&ed complement of the 
liver at thstime of harvest. ! if*- 'ft ' • 




3. Analysis of a, protein arrav accotidtfla \ 


b'one asoect of the Invention. 


' ! jl| '■ 


3 : ■ . 



3.1 Crystals of energy absorbing nwteciifaa prepared 



In 



•3;" O. . 

Solutions of energy absorbing bioleeaft* f$ dve^iayhig a protein nncroarray were 
prepared as set out below: 1) in) aimyil)^ preparations according to one aspect of 

i ve preparations prepared according to 



the invention whereas iv) to vi) are 
prior art met&ods: ! 



Ml 
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oraet, UK) was dissolved ia acetone ac 
<Sf ith j j^iutipn was used to overlay the analyte. 



ii) Sin^pinio acid (Sigma, Dorset, " 
and 300 afcooSiter of -flic solution *va* 



\ ! 



iwa^ ^JsaoJ ted in acetone at saturating amorots 
pedjto jovejjay die analyte. 



Hi 



iii) Gentisic add (Sigma, Dorset, UK^|^.dikol^ed in acetone at saturating amounts 
arid 300 nanoliter of the solution ws^^bct'i^ 'overlay, foe anaiyte. 



iv) 10 mgftnl owyanc^hjn^^ ja aid (S&gma, Dorset UK) was dissolved in 

50 % v/v acetonitrile 5 0.1 % trifiuow>4ft c aslaaown in the art md 500 nanoliter 
of the solution 1$ used to ov^rl^y the i|j&ytqj on the pr&bo* 



v) Sinapinic acid (Sigma, Dorset : 



asotVed ddBfeO at saturating amounts 



rad 300 ttatxolitet of the solution fe tadycrla^ th<* analyte. 

vi) Gexrtisic acid (Sigma, Dorset, UK§ ||^b J^^lvbd ik ddEbO at saturating amounts 
and 300 uanoliter of the solution ^^t|^ ; ^6 lovely the analyte. 

vii) CMrpano^hydroxy^^^ J*Si6ftj^ Dorset, UK) is dissolved in 99% 

! W L 5 1 : * 



acetone v/v, 1% glycerol in saturating 



. 3:nanolitsr of tbe matrix formulation 



is then transferred onto tfas proibe, \d#|h cd^kinsittie analyte. 



SXGenericmefr^^ absorbing matrix molecules 

i 4 Si. ■:. • : 
: ??! • 

The throe examples of energy absorb) ijjg roUecul^a prepared as described in 3 A above 
were arrayed onto a protein mfcraaffi * Juu| |Hje aj^aijmjce at 100 fold magnification 
is illustrated in Fig la. The acqtone dj favj^i- rastfrix i) > ii) and iii> show a very 
homogenous crystal ibm^oiiicomp&pd vfrjfclji th^atjufeotis tnatdx iv) y v) and vi) 
formulation currently used in tjie art i | f * < j ' • 

; [ 1 * [ >* i • " " ! 

Referring to Fig 1 a the left haiid ridmdeff &how 'the acetone dissolved fojcmulatfon$ 
whereas <m the right hand sideithe a^&ti^j^trfx? formulation are shown* 



If 

5 2r 
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The C9W matrix fetmnlation iljtus^t^§|?hav4 proved significant in bring able to 
gen&rate protein nricroarrays (pee Figipe E$ because (hey allow a more efficient use 
of space on the probe surface, Shave ^g^nd^d flasaesa aJkwmg greater mass accuracy; 



and furthermore increased amounts 
ftie needs of lrigh analyte 




canine deposited on the probe to meet 



Fig lb fliustratsa a probe according t^jotie aspect fcf the invention with protein 
captured thereon (thus fonmi^ a projJijn ip^roa^y) wife an energy absorbing matrix 
according to a fimher aspect ojf the fojfa^^^ Tfce a^yano^hydraxy- 

cbmamic acid matrix was dl&splved ijkcet^ 99?/* vfr, \% glycerol v/v and arrayed 
onto a gold coated microscope siide.Mite^s^vdtri: evaporation, matrix crystals aw? 
formed* In contrast to the crystals fcte^isd fey ihe: deposit aqueous Solutions tfc© nora- 

fo a very homogeneous and flat crystal 
ig ftt]t?Je «P'ot3 can *%it w the analyte within the 
mJaiife sitikltez! enabling the miniaturization 
ofip rating high spatial density, which 
te J^imu&tLons. This is a significant 

etdc compatible protein xnictoarrays. 



aqueous solvent fbnxmlation 
layer, Because of this the analyst 
"spot 5 * and consequenfly the 

and production of a microarray beoi 

i 

coiild not be created using aqnjeous : 
development in dte creation o^maas-! 



4, Protein array subjected to; MALDI arid dif ferent methods of use. 



•* 1 



4.1 Surface capture of substjhstlalHfotirefrag^ bfoloateal gaaeromalecmes 



Example 11 



Affinity capture of a variety ok tagged Iprobspas «aa bc^ demonstrated wing for 
example PBG-PLL-biotin or P£G-P^^Bi4?i>w B6 as the protein capturing 
moieties. j j • t 



Figs 2, a and b show the mass spectf$ fibred fr£m a pjfcteip microarray 



demonstrating respectively the capti^jof iJiQO 44d'l5 femtogranof biotita tagged 



■1 



oxj$> ant affinity capture surface on a 



insulin. Hie biottn tagged instil in wafe| 

gold coated nuc*o$eope glass slide in |[3 t^rioliter volume using 300 micrometer pins 



V 



"t 5 



SEC® 



•ilk ?, k 
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PEG-PLJL-Biotin Neutravidin 



\ witfcj | pttNfi Trisi^CJ pH 7 *5 5 dried under a stream of 
nitrogen and overlaid with 3 n^nolit^ |jf ofr|?i^ acid dissolved 

in 99% acetone v/v, 1% gjyoeijol yeauf|Big;.{4 a spot with an radius of appimtaaately 
3100 micrometer, The probe wis anal 



mass spectrometer. Several biotitt 1 



|^i4t& axras«apectiomstBr MALDI TOF 

[wiipeaks are visible due to the different: 



degree of WotinyiatioiJ. Two ajiditia^al^^ "are Observed at 7300 daltoa and 14600 
dalton and these are Neutravidjta [MR H ; 



This ssampte demonstrates the proteijl ^eibtaa$ capability of this ayttem and 
shows the vm&SliXy of tooltftisi^^^ oa fte p*0te surfeco for removal of salt 
that otherwise could interfere with thep6rm|tioa of gaiseous ions as known in the art 
Together with the new matrix jfoimulp^ p, denidnstrkteB the capability of 
mamifactming ptotein mtoroarrays 



. .. 1 1 

4.2 Surface capture and detebtion M hc hUhinkAt protein a nrobe sutf^e 

! ^TK 'r 1 • 

«, « - . . « . t ■ v : • • t 



Example 2 



A PLL-PEG-biotin neimwidin mtt^{^isMAlk>I target is overlaid with. 500 

• ! -'85' -l l -5 

nauoliters of a biotinylated protein riMftJwj demjea from an E. coli lyaaie expressing a 
human recombinant protein inicoojai^pnj^ith ajsequence tag in this case Biotin 
cafooxyi carrier protein (BCcfr) ironi jt i»|fc;Th4protein was captured for a period of 

' "UB C ! 1 . ' ;i 

2 boujs on fee surface, washed twictfif ^ : *|aaJiinfe buffer followedby two washes 
with desalting buffer, and overfaid w^t||5orf<iatiokters of an energy absorbing matrix, 
namely saturated Or-cyano-4-hydroxyfc Ipttjijib acjtt in'acelone. The mass spectrum 



fllustratad in Fig 5. The advantage ofji 



i ipemodjis that the sample can be applied as 
a complex mixture of proteins Jand aff^ waiting <^ly me molecules of interest 

r \i£ l^tfallydefined position before it is 
» fcjjj the addition .of matrix, 

Is ] 



zemaiiu Secondly the analyte ifc c 
rfctensed from fre affinity cfflpnjre bit 
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i •[ Br * ; 

• ! 1 fe m . . 

4.3 Caotare . detection and MtotHMjiloiiibf rfefrimMnantPirotefa on B £ ftfe&a sjRg 



Example 3 



l| •; 



iF V- 



Figure 6 shows the peptide fing^ri|j:^^si6 of Gl^tathione-S-tranafcraae -Biotm 
Carboxyl Carrier Protein (QST^CCfflji Ajiacti&l 4u<te lysase containing the fusion 
Protein and bacterial p*crtsin& plsffed w ffc«il5lAtDl target previously coated with 
PEG-PLL-biotin and neutraviiliitL Tnq pCtiP fb&ibn partner of GST contained a 

i^i^hJtM befc&mes biotmyiated when expressed in 



biottnylation consensus flequetKte mf 
E. coti. allowing the fusion prjrtfein 

buffer. For identification, puapfc>$tf the 

i 

overlaying it with trypsin and analysi \ 
revealed 




to the PEG-PLEz-biotin 
d^totteins to be washed away with 
captjured protein was digested by 
ffcpjlj^ A protein fingerprint analysis 

\ma mansoni, 4 peptides 
.6 1), but no bacterial protein was 
This experiment demonstrates 
that PEO-PIJL-biotm. and neut^dM; jj&n tiTO^ib purify a protein 6x>m & crude 

target Taken together this e^erixnent 
on inhere the protein content on the 



belonging to Newravldin and b to 
identified using the remaining un*: 




Ssioi^ystejk without the need for an initial pre- 



mixture of protein in a single gtep oni< jfcl^tpt id 
paves thfc way ftn: protein microteayj 
array is derived from a bacterial 
purification step. j 

Example 4 

• ! -a 

Figure 9a shows a mass spectrton of a. I biejmylaijsd lectin feem Tritteum vulgaris 
(WGA) captured onto a PEG-£tT^Bi<j&i l^fctiaT&din surface. The lectin was then 

: • 111 •:{• ' : ' - 




,1 51 



5 ip: Jf 



4401707390770 SUE GENTLE 

i i 



259 P2B 



25. 10.02 20:19 

25 



probed with the giyeopKrtstap *hfc 'MALMlaiget was washed and desalted.: 

The ims$ spectrum reveals trioleculifi lions jof netlbavidln at 14300 and 28600 dalton, 
the lectin was detected at 171bQ-acgi >$5(fc| find;Iietujfcn derived, peaks were observed at 
44163. Purthermwe, there ani tofro pfi sjU ^feUiftjM 25943 and 321 56 (hat had not 
been observed wfaea the lectift was UysMl-in tb«bmioo of Fetuin and they might 

■ : if; vl. ' - 

represent degradation produces of thy&ti&f sinoe^we observed several bands upon gel 
eleotrophoretic analysis of the F^tui^i |^t^^ra£iosiC However flic higher molecular 
weight baud represented fhe chain fr^ari p£thC;protem. In Figure 9b the MALDI 
TOF speetrum of biotinylaied\^ captured on a ?£G~PL]>Biotia 



Neutrfcvidm surface is showni The kji 
in Figure 9a. However the li 



^b. wi^ proved ynfh the same Fetuin solution as 

j* 1 . * { * 

l ArmMs Hypogea has a different binding affinity 



1 1 



towards carbohydrates thentlie frritibfym T^tertekcfin and it therefore enriched 
specifically the small fraction of glytetoroteiii that had np terminal sialic acid. The 



: pi- , - . . . 

mass ^eetmni contains peaks derived neuttfav idin at 1 4300 and peaks from the 



lectin at 25774 and 5 1461 dal 




ij^jto-diaived'from AsiaJofetuirt are present 

• ♦ . \ ' 

. * i * ; *! 

at 40136 and 42731 con&ferteni wift. flfe k&i of 4 ijrid 13 sialic acid groups. The last 
two experiments demonstrate Sthe de$|&o£ land analysis of protein- glycoprotein 
interactions on a protein array by ma^i'^e^htDetry- 




Examples 



To demonstrate the capability jof smM.ta^ detectidn in the presence of the PEG- 
PLL-biottn and Keutravidin tijre« snt^.mbi^cul^ used in pharaacology and 
toxicology were spiked onto the fflrayjlfrhc ftrolec'utes Cy&ospiTrm* Ketoconazole and 
Quinidine were identified at their cqi^^oklfng molecular weight. 

; {j! . . : ■ 
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A PBG4»tk-biotin coated probe" was Jjlcupitfed With a boIutJoji ofNentravidro and 
washed extensively with wasning biifflfcr (1 kriM'tSria-HO pH ?.5 with 0. t% Triton X- 
100) and desalting buffet (1 ttiM Tri|j«QpH 7:5.), dried and overlaid with energy 
absorbing matrix and then analysed |jibt M^tDt.TOF tows spectrometry. 

: '. -fy 'S:! i'" « ' 

The mass ftpecUra (Figw* 3a, $b and jfe show me/specific capture of Neunwidin 
fMHTand[MH3 2 "at7310andi46^dal£qij.' 



Example 6 



I a ftoher example mo binding of a ^aUiaoiedule. to a protein is demonstrated in 
Fiacre* 10a,b, and c> The lactiae. rhofeujai borijngate was specifically retained on a 
PEG-PLL-Ncutravidin Atacbfo hypefe IecW swpface whereas it could not be 
detected on a PEG-PlI^NouJ^dinppb06 biisiSng protein surface. This is another 
eTRampIe for the detection of a'aittall in6le$ile pv#eml interaction. The example is 
surprising since binding constant forj |actdsfe'an.d Sidsiectui is in the milfimolar range, 
suggesting that the presence of the rfifl&mlhe; rrioeity.bas increased the affinity of the 
small molecule ligand. \\ 



4.j Detection of a rea^ *'™* H Pi 




Example 7 



ATP was enzymatically syntli&sized| ^^BireaetLori of ADP, ortatine phosphate and 
creatine phosphate kinase in 2& mM It [<to(i^ii^bicai4^ate at pH 7.4. [ADP]" was 
detected at 427.6 daltan and [ADP+1& : LjJ* U$,6 dalton (fiee Fig 4). The products of 
the creatine phosphate kinase teacdo$|^'eil5detected at 507,$, 329.6, 551 ,6 and 573.8. 



which fits well with the expected mo?^la# weight of [ATP]" sad three ATP sodium 
adducts [ATP Na]' . [ATP Najj* at^iltTP^jT. 



Control reactions in which ei^et cWtf thpjsubstiates ADP or creatine phosphate or 
the enzyme creatine phosphate ijniase hirereWieed didn't show ATP peaks. 

I i : ■ * . * . 



j 



: : ir! " 
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4.6 Detection of a rcactan t ok a prlfcj 




Example 8 



The oxidation of drug- like smfell molii&utea by human cytochrome P450 enzymes is 

til 



the usual first step in the metabolism^fsucfr coftipounds. 
Here, the oxidation of dib»zy^uorcp&in l^y ■cytochwrae P450 3A4was studied with 
MALDI MS and the results iOu<iii3t4|fo. Fig 4. Dibenzyifiuorescein (DBF) was 
detected at 513.795 [MHJ+ and s me^jltat^'oxldaitian product was Observed at 
530.069, which indicate* the additto^y?OJi| toygen. The resulting molecule is known 
to b* chemically unstable and tb^f^mciiloben^fluorescciE (MBF) and their 
oxidation products can be observed a|w4*!sjl ! 2 j7rfH]+, 460.890 [MH-K)]+ and 
476.855 CMH+20] daltoa; %i\ :}'.'>' 



This experiments shows the suitabili^bf a^iteiii arrays to detect biological catalysis 
and to assign function to biological p& taepkdes captuted ott protein arrays. 

The mass spectra from Hie figures HimittAto hak beea obtained oa 

1. Broker Daltcraic gold Urgste #269^^lg#e ; ; • 
3a,3b,3c,4,5) ||> J'.. 7 ; 

2. Brukcr Daltanic glass target #267f4*0?ij^fe * 

3. Brukef Dfiltonic MTP 384 target OTI©4 W«t tb;Wbor a gold coated xrricroscope 30 
x 75 ram glass slide (Figure 2A, 2b) 
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1 . A probe* for use with a laser de^ ^ti^.ionjsaticm mass spectrometer, 



comprising a support having to| 



1 1 




piuMctive target surface thereon 



characterized in that the target sSpkce comprises a micro army having a 
plurality of discrete target araas j»ses4^»g <*ne or amiyte capture tndettes* 



2. A probo as claimed in claim 1 



ffhe support is a glass slide, or a MALDI 



3. A probe a& claimed in claim ;\ om^y^t&h^^ plurality of discrete target 
are arranged in a spatially definwraar ~ 



areas 




4. A probe as claimed in an^ of thej|OTcj^^ wherein each discrete target 

area has an area of less than- IQOKjpOT ^ore preferably still less than SOOjittt 2 , 
and more preferably still less thiJ I O^im 1 . : i : 



5. A probe as claimed in anj^of th^proc^t^^ato wherein eaoh discrete target 
aiea haa an area of less thktt 785^^dre preferably less than 392p.nTTriore 
preferably atffl less than 7$^**jl { 



6. A probe as claimed in any of the 
areas are substantially cit^nliar. 6f : " 



; claims ^whetdlii the discrete target 



7. Api^beascIaimedinanyofdi^Mi 
atrafcgedinraattices, ; % 

i 

8. A probe as claimed in claim 7 
target surface. 



» Wherein the discrete target areas arc 



k^lMreiare a plurality of matrices on the 
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9. Aprobeaad9imediiiolaini7d 



tod 2 columns of di^cretCf targe^eS*)'; 



10. A probe as claimed in. anjjr-of th| 
preferably at least 100, mbre pi 
still at least 10000 discrete 
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: wfcej&ia the iaatrices comprise at least 2 rows 



1 ingrains comprising at least 10, more 
frtdUibfc least 1000, and more preferably 

• 1 



11* A probe as claimed in an* of fiidptte^hj^^^ 8 wherem there is a spacing 



between adjacent discrete! target i^reasi&ii matrix of less than Imm. 

1 . $ ii? 

wherein the el wtroconductiYe 

duct&ri. 

fripu* tnetet is selected from gold; stiver. 



12w A probe as claimed in any of thspa 

swface comprises a metal) or a sjMdi c&fa&uri&r. 



the semi conductor is 



14. A probe as claimed in 



13* A probe as claimed in claim 12-^ 

platinum, kiditim* iron, nickel, c| j^alti pvpp& or a mixture or alloy thereof and 




silfcita o5kide y graphite or germanium oxide. 



kMms wfeeaeha the aaalyt© capture 



moieties sre protein capttdrc 

' • S j 

1 5, A probe as claimed in clajih 1 4 i)|j&*efB ^#rotem capture moiety is not an 
antibody. " W ,| : 'j; ' 

16. A probe as claimed in claim any||f :cli%aa 1 M 1 2 wherein die analyte capture 

L W. Is • • f: 1 



moieties a*e small molecules, 

17» A probe as claimed in claim' .1 6 •: 
preferably less than I kD£, m 

18. A probe as claimed in any; of the] 




molecules are less than 2 ltf>&, 
felyjlSssa than 500 Da. 



wherein the analyte capture 



moieties are lraftC^eao^ ^* the discrete target areas, 

- »: ij - 

19, A ptobe as claimed in any of fheMrccJiikg cfaunis wherein the analyte capture 
moieties ate disposed in the dtsaP^s t^4pt arias in a defined orientation* 
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20. A probe as claimed in ao^ of thd®itec€^iag claims therein the analyte capture 
moieties have a high affinity: forbear itadinj* partner. 



In 



21, A probe as claimed in cla&a20 

i ' SB- 
analyte capture moiety ana its trij 

at least iO^M, more prefefably ajtlfe 

i<r 15 M. ; |; 



22- A probe as claimed in anvof the£f" : 



Id the Ending affinity (Kd) between the . 
rm^r is at least lcr 7 M, mow preferably 
!! (r J S M, and ijiore preferably still at least 



1.1 



moiety is attached directly to theMfec^ target 



,g tfafctos wherein the analyte capture 



surfece. 



23. A probe as claimed in any; of claMii ^h®«in-the analyte capture moiety 
is indirectly attached to thV elect||fccmfe surfece. 

>5 S . jjj 4 : • 1 1 

24, A probe as claimed in ciaijn 22 ^|jpre^ the ^alyte capture moiety is attached 

vU one or more linker molocwleiifi 5 ': 'ij*. \ : l ■ 

! . % h ' it • • 

"as si- !<i • 

25, A probe as claimed in claife 23 nralff die linker molecules comprises a poly 
amino add or an alkane thiol* 

26. A probe as claimed in data- 25 U polyjamjao ftcid poly-L-Iystae, poly* 
L-aspartfc acid, poly. L- g^Utanil^l^bicq ^'nxb^tuiss of any othet known 



aminoacids with the throe afb 



27. A probe as claimed in claim 14 v^em at least one protein csptaitfg moiety 



29. A probe as claimed in any tof the 




binds biotin or a bteomyoik xesi6|a$ce 

; : al? 

28. A probe as claimed in claim 27' 

streptavidin, avidm, neutr^din'||ble|to 



tioppd Hiriinoaoids. . 



the protein capturing moiety b 



g claitos wherein the analyte capture 



moiety is provided in a lay^r whiffeis qrfberwfee substantially resistant to non 



specific protein binding. 
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yk ii > 

! : .jib ill*: •< : : 
30* A probe ss claimed in clafrn 09 igbbrdj^i : tjhe> layer wfeich is otherwise 



substantially resistant to lion sp«|Pc .|^eip4biiuiin^ comprises a polymer or a 
self assembled monolayer* (5 AM^ jb^oasible fbr the generally protein 

repeUant nature of the layer:; |p ^* 

j. ' if* .!}•■ : i 

3 1. A ptobe 3& Claimed in ciamtoi 30 .fpsrejft the ^IjmeB^c^iTrises polyethylene 



glycol (PEG), dejtran, poljwetlifiite ^[p^lyaw^lamfde, 

!•* a» -Jj 1 : .j : 

32, A probe as claimed in claim 31 A polymer k bcfcnd to the probe 
surface via oae or more liAW ttfM^cn|cjsL. 

33, A probe as claimed in claijiL 32 ^ereh) the ahalyte capniring moiety is attached 

to the surface via the poly&er artpfJ|W^ Hbfcer moleovfes, 

: , W\ ; ; ; ; 

* - . : - 1? i-. ■ 

34, A probe as claimed in any 'o^epece^ing elairas wfcerein a single common 



analyte capture moiety is ]|ro^d«»n^wir&fiet 



*• :Si', 

. .1 i 



35. A probe as claimed in any bf claitfca 1 t&33 ^herein a plurality of different 
analyts capturing moieties i are pc||iide filon the surfece. 5 

Hi i'" 

36, A probe as claimed in any bf 'the§$&cejfing claims farther comprising a captured 
analyte. 



37. A probe as claimed in claim 36 ^emirtftiae captured;a»alyte comprises a 

: -hi • Su " ; 

protein, ; .vf S ; Hi . " ■: 

38. A probe as claimed m olann 37 «reifcfte protein is a rasion protein. 



39. A probe as claimed in claiAi 38 v||irei| ijme flisien protein comprises a biotin 
carboxyl carrier pxofcm(B^ jjV' •, • 



) • 



40. A probe as claimed its clnhp 38 vmfc$pi<i fusion prorata -comprise* a 

* lib. 

pMeomycin/zeooin resistance, pxomn y. • 
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ftuUwr molecule bound to 1 it, 11 



.r « \ 

41 * A probe as claimed in any 1 of cla§|& 3Sftto 4& whsrein the captured analyte has a 

I! l ! 

ft: J' 

the:ft*th&r molecule is either a small 



ig bikinis wherein the atmlyte capturing 



42, A probe as claimed ha ctefm 41 
molecule, a protein or a nucleic MiA 




43, A probe as claimed in my\ of the! 
moieties are homogeneously di 
surface, ) . 




25. 10.02 20:231 



tec toss substantially the whole of the 



44. A probe as claimed in mxy^of ^4jpp f |tb 43 ;*fertM;the ajtalyte csapturing 
moieties axe homogenou&ly disp^i^d ift><pnl jf the discrete target areas. 



45. A probe as claimed in any;6f clasp* 364b 44**4^ the analyte is printed onto 
the surface. 

46. A probe as elatoedi^ a»yiof;elaftf»5^ 3effein:th<b analyte is printed using, 
tflt&Jet printing, piezo electiic'prinltog or contact pointing. 



47. A probe as claimed hi claim 46 * 
applied using a split pio^ sblid | 




bottomed wells. 



for the- contact printing the analyte is 



if ajwMlow pinl 



48. A probe as claimed in any <of the jfecefeig claims wherein the surface in the 

v. i ? ' * 

discrete target areas is 3^stafe.tiai||{j 

v ; 4 

49. Aprobe as claimed in clatta 48 wp^jtto tfUcrejte target areaa are flat 




50. A probe as claimed in any £f thejj&$ce| 

concentration of below loj s molJptes^T 10M|nk 2 ,tnore preferably at a 
concenteatiOB of below lQ s 5mol<^es|jitr 10©0^in 2 »^oiore preferably at a 



concentration of below 10 s ; molecules fi| 
concentration of below !<rtn»l 1 



ig dl|liins wldch can bind an analyte at a 




;i<fapjim 2 ? more preferably still at a 



sst?*z Btti »t* inr ^9^^2iag:ts^^^ 



4401^ 
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51. A 

iOULZ&tt Qfi m$$$ $p$qtf07tt Jt$ar o 

14 and depositing pro teirij mire 
the discrete target arau 

52. A method of analysis a; wdteirf 
the protein microarray to ! laser 



S3. A method as claimed in d aim 5l|p?hfifrc 



spectrometry is matrix assisted i 
MALDL 

54. A method as claimed in d aim s|| 
deposited over the whole; suifat 
on which a protein has be sn 





55. A method as claimed in o aim 5$| 
deposited m iregistoration yith ih& 
captured. 

56. A method as claimed in cj 
motamles are deposited I \ a 1 
protein 6*oi& the protein c ip 



close proximity to the pnyeih . 

"* ■ "il! 

57. A method as claimed in ajiy pi < 
molecules are present as i. 3 
registration with the prate iii |cap^r 



25.10.02 20:23 
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if or. use with laser desorption 

ihg a probe a$ claimed in claim 



*y fes claimed in claim 51 subjecting 
' ibxtisatioti ma^ spectrometry. 



n the laser desorption/ iomsation mass 
1 orptitan/ ionisation mass spectrometry 



i en&igy absorbing molecules are 

i with the discrete target area 






ekragy 4bk>rbiug xftoleculefc are 
t target area on which a protein has been 



in -Which the ene*gy absorbing 
jer 4M ich:dehatoxes and thus unbinds the 
|mo|$ ies leaving the denatured protein in 
on. the surface. 




oil §5 -wherem ttxe energy absorbing 
laycij irt discrate target area in 
Moieties and baptui-ed protein. 



til* hOTao^eaaous layer 1$ substantially 
&'ja^ m>t visible at st 100 fold 



58. A method as claimed in d aim 5 
continuous such that indr^ iduat 

magnification and there ^'eno vi|ible|jsii>s between neighboring cristals, 

J . * ifr ■ • ■ 

' it' t\ 



■ W.'W 

. .'-Skis' J 5* 
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59. A method as claimed In e ai#L sf f|r jSj^J vhdr^iti the homogenous layer is of a 

fii ffe lino' apparent variation 1b crystal 



substantially uniform dep&h em 

size at 100 fold magatflcE ihhl m { *ii 

L' J!:; 



60. A method ad claimed m$iy of c] 



molecules are deposited o ntb thjfejorfi ci > 
aqueous solvit is evapor rted 



solvent. 




$ t to; ^2 wherein the energy absorbing 
inin&n o^eous solvent and the non 



$1, A method as claimed in c|^-64|*hei^n f&ej nori aqueous solvent is an organic 



62. A method as claimed in e|aim 6 
butanone, 



■"•ft ^ 



63, A method as claimed in a* y of cjwptojfe ■ 

inctodes a modifier whichi oot^iphej;^ te of evaporation such that evaporation 



of the non aqueous solvenf oc c 
deposited. 



64. A method as claimed in cl rim 63 



evaporation is j^ycerol, prf iyethe| gilyc || 




it 



25. 10. 02 20:24 
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fid the organic solvent is acetone or 



to &L wherein the non aqueous solvent 



it t 

iSfte^t&e energy absorbing molecules axe 



theinicdifier which controls the rate of 
or thioglycerol. 



65 . A method as claimed in ax y of cl Ifs&s |# to 64 Wherein the energy absorbing 
molecules are deposited iij k mki |fc o^^maJsO « &&9%, preferably 99%, non 
aqueous solvent, preferabl jr acetcglll^ tdjfita-ti 1% ; preferably 1 %, oaodifier, 
preferably glycerol (vol/vql>; ' 

B 1= 

66. A method as claimed m an f of clMtes M ^5 : *fche*ein l the energy absorbing 
molecules comprises cryst dstof tt«^|jf4-h^^ aoid, ainaprtric 



acid, gentisic acid* nifidiru 
acid, 2-(hydroxyphenyl azc ) be 

67. A mefiiod of analysis by lapes 
comprising the steps oft 




t^v-^ntisiacemtriot, 3-Indoleacrytic 
4*ni^oaiilin and combinations thereof 

Sit li! ■ i 

It! ly • > ' 

mass spectrometry 



as 
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providing a prj >be as? 
bringing said jj robe 
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rtHaHlfoone or more ptotems; 



! in claim- 14; 

performing lajttr d^^tifa^ ibijds^don mass spectrometry on the 
proteins on the surface i of iMibjcoT: 



l 



-Sri" li " " : • ' 

68. The method of claim 67 \jpieh c|inpff$es belwtefen sjep b) and c) an additional 



step of removing unbound mole$ i|w : TOwn tojefcroibsi by washing. 

I r V: " i . . ' 



$9, The method of claim 68 
mixture of proteins. 



la$n&< 



•i Jr. ■ 

I: 



» orimore proteins are contained In a 



a met 



a method for identifying a protein 



70. The method of any of eU 

on the surfkee of the profef smd -vj&^cti jj&mprises- the additional ?tcpe oft 



tern molecule; 

sampJe of said protein on a 
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function of a protein on fh 3 surfalae of jtpb probe and a molecule interacting with 
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Kgm-e 3a) Cyclosporin dcfectWtt th^^resepnee of PEG-PIX-Biotln and ncutravidfn 
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figure 3c) Qninidixie detection in tt& presence orPEG-PLJL-SHotfa and tteuSravidfe. 
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figure 6) GlatathlcH&^Transferase-Biotin captured on Neuirftvidin coated MAIJH 
glass target. 
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figure 7) Coupling procedures for proteins on surfaces. 



10 



Random coupling 



Ordered coupling 



15 




BCCP-fusion- 
biotin 



Neutravidhi 
PEG-PLL-biotin 




Amine coupling 



PEG-PLL 



200 © 



4401707390770 SJ£ lafcNILt 



259 P52 25.10-02 20:^ 



12 



Figure 8) Analysing FEG-PLL-Biotin affinity capture su rface with ft dual wavelength 
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Figure 10a Mass spectrum of captured Lactose Rhodamfee on PEG-FLL-biotin 
Neufcravidin surface coated witfe Peanut lectin. 




Figure 10 b Mass spectrum of Lactose Rhixfeamne prior capture on Peanut lectin 
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Figur& 10c) Mass spectrum of FK506 binding protein that was immobilised onto a 
PEG-PLL-biotin neutravidin surface and probed with Lactose Rbodamin 




5 Table I 



Peptide Glasses 

mm* 


Ghitathicme-S- 
ccsttsfbrase 


Trypsin 


AvtdEn 


mm 


X 






919-52 


X 






953.497 


X 






lQ2fiJ$3 


I X 






1032.574 


X 








X" 






1138.518 


X 






1149:628 


X 






1182.645 








1314.736 


X 






1516.828 


X 






2326.! 


X 






845.5 




X 




22H.1 




X 




TZ83.094 




X 




919.S3 
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123548 
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1595.845 
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2003.022 






X 
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